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Abstract: In the context of deepening the cooperation of Industry-University-Research (IUR), enterprises must gain competitive advantage by transferring external knowledge 
to the enterprise for knowledge appreciation. Based on the knowledge stickiness encountered in the process of knowledge transfer in the collaborative innovation of IUR, 
the formation process and causes of knowledge stickiness are analyzed. In this study, the knowledge flow model based on heat conduction theory was proposed. The 
dynamic simulation was carried out using MATLAB software. Results show that the process of knowledge transfer between IUR is the process of continuously realizing 
knowledge increment and knowledge creation, and knowledge stickiness has a direct impact on the efficiency of knowledge transfer. Strengthening the cognition between 
IUR, increasing the number of activities between IUR, and creating a collaborative innovation atmosphere between IUR will reduce knowledge stickiness and improve the 
efficiency of knowledge transfer. 
 





Collaborative innovation, as an important form in the 
development of innovation system, continues to promote 
the development of scientific and technological innovation 
activities in the era of knowledge economy [1]. By using 
the cooperative mechanism between technological 
innovation subject and knowledge creation subject [2-5], 
enterprises, universities, and scientific research institutes 
can realize the cooperative effect among different subjects 
(n + n > 2n) and the cooperative creation within a single 
subject (1 + 1 > 2). 
Knowledge collaboration is the core of IUR 
collaborative innovation and the core transmission process 
[6]. Moreover, knowledge collaboration improves the 
transformation rate of scientific and technological 
achievements of universities and the efficiency of 
enterprises [7]. However, not all knowledge can be 
transferred effectively. Ineffective mode, poor mechanism, 
insufficient motivation [8] and tacit knowledge hinder the 
transfer of knowledge between IUR [9], resulting in 
knowledge stickiness [10]. Many cooperation projects 
between IUR fail because for these organizations, reducing 
the knowledge stickiness effect is the key to realize the 
collaborative innovation of IUR in the face of difficult or 
high cost of knowledge transfer. In this case, fully 
understanding the problem of knowledge stickiness will be 
conducive to improving the performance of knowledge 
transfer [11, 12]. Furthermore, analyzing the causes of 
knowledge stickiness from the internal mechanism and 
weakening the transfer measures will be the key to achieve 
collaborative innovation and will have practical 
significance on the effective development of scientific and 
technological achievements transformation in IUR [13]. 
Although domestic and foreign scholars have rich research 
results on the mechanism of collaborative innovation and 
knowledge management (sharing, transfer), few studies 
have combined them to study the knowledge stickiness of 
IUR collaborative innovation. 
Thus, this study focuses on the cause and process of 
knowledge stickiness in the context of collaborative 
innovation of IUR. On the micro level and based on the 
perspective of S-A-C, the analysis framework of the 
influencing factors of knowledge stickiness is put forward. 
In addition, the internal influence mechanism of 
knowledge stickiness is analyzed from the three levels of 
situation, activity, and cognition. On the macro level and 
based on heat conduction theory, the evolution process of 
knowledge transfer stickiness is simulated dynamically, 
the evolution rule of knowledge stickiness in the 
collaborative environment of IUR is analysed. Through the 
study of knowledge stickiness mechanism, it is effective to 
provide reference for the innovation practice between IUR, 
the countermeasures put forward to weaken knowledge 
stickiness are significant to promote the smooth flow and 
sharing of knowledge, as well as to improve the 
cooperation efficiency, which can be used to solve the 
problem of knowledge stickiness between IUR in reality. 
 
2 RELATED WORKS 
2.1 Connotation of Knowledge Stickiness 
 
Von Hipple [10] first proposed the concept of "sticky 
information". He believed that the process of knowledge 
acquisition or knowledge transfer entailed cost, and 
information stickiness was directly proportional to the cost. 
Szulanski [14] & Simonin [15] put forward the concepts of 
"internal viscosity" and "knowledge fuzziness", 
respectively. From then on, scholars began paying 
attention to "knowledge stickiness" and carried out 
numerous researches. The local definitions of knowledge 
stickiness are mainly cost theory and knowledge theory. 
Cost theory refers to the difficulty of knowledge flow and 
the cost of knowledge transfer, mainly discussing the cost 
or price of knowledge in the process of transfer. Moreover, 
knowledge theory refers to knowledge that is difficult to be 
transferred or applied, mainly discussing that knowledge 
itself cannot be transferred. This study holds that 
knowledge stickiness describes the obstruction or 
stagnation of knowledge in the process of transferring, 
sharing, or regenerating [16-17]. The "knowledge 
stickiness coefficient" can be used to express the difficulty 
and cost of knowledge transfer. The greater the knowledge 
stickiness coefficient, the greater the difficulty and cost of 
knowledge transfer, and vice versa. 
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2.2 Influencing Factors of Knowledge Stickiness 
 
Factors that affect knowledge stickiness include 
subjective factors, such as knowledge source and 
knowledge receptor [18], and objective factors, such as 
knowledge characteristics and situation [19, 20]. 
Researchers have different analyses on the causes of 
knowledge stickiness from different perspectives. 
Szulanski [21] thought that knowledge stickiness was 
affected by knowledge characteristics, knowledge sources, 
knowledge receptors, and transfer situations. Cummings 
and Teng [22] pointed out that the key factors affecting the 
success of knowledge transfer include the expressiveness 
and embeddedness of knowledge, knowledge distance, 
project priority, and transfer activities. Pérez-Nordtvedt et 
al. [23] found that to some extent, the generation of 
knowledge stickiness can be avoided by knowledge 
characteristics, learning intention, resource attraction, and 
partnership. Huan et al. [24] pointed out that the 
influencing factors of knowledge stickiness are transfer 
intention, transfer ability, knowledge base, knowledge 
characteristics, and receiving ability. 
Based on the collaborative innovation environment of 
IUR, this study mainly discusses the knowledge stickiness 
with its own research characteristics. The theoretical model 
of knowledge stickiness elements of IUR is proposed to 
enhance the pertinence and rationality of the indicators in 
the specific context and to form a systematic, 
comprehensive, reasonable, and specific variable that 
affects knowledge stickiness. This study holds that the 
knowledge transfer in IUR is mainly affected by the factors 
of knowledge sender (university-research party), 
knowledge receiver (industry party), cognitive structure 
difference, knowledge characteristics, and relationship 
between IUR. Based on S-A-C theory, knowledge 
stickiness generated in IUR is divided into cognitive 
stickiness layer [25-27]; Easterby-Smith et al., 2008), 
activity stickiness layer, and situational stickiness layer 
[28]. 
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Figure 1 Theoretical Model of the Factors of Knowledge Stickiness in IUR 
 
2.3 Formation Process of Knowledge Stickiness 
 
Knowledge has become the most strategic resource for 
enterprises [29-31]. Under the background of knowledge 
modularization and labor division [32], enterprises 
constantly seek cooperation with universities and scientific 
research institutes to provide competitive advantages for 
their technological innovation and development [33, 34]. 
However, due to the exchange, sharing, and transfer of 
knowledge, transferring knowledge among the subjects of 
IUR is difficult. Such difficulty is affected by the 
characteristics of knowledge (complexity, specificity, 
embeddedness, being tacit) and the interaction between 
IUR, which increases the uncertainty of knowledge 
transfer and absorption, resulting in knowledge stickiness 
[35-37]. 
The collaborative innovation between IUR promotes 
the integration of resources and technology across fields, 
industries, disciplines, and departments on the basis of 
benefit sharing and risk sharing. From the perspective of 
knowledge transfer, the process of collaborative innovation 
between IUR is the process of knowledge startup (forming 
collaborative will), knowledge implementation 
(knowledge resource flow and focus), knowledge 
adjustment (knowledge sharing and interaction), and 
knowledge integration (knowledge creation and 
application). 
(1) Initiation phase 
Recognizing that the demand for knowledge 
collaboration is available among IUR, the subjects of IUR 
will first study the market economy situation from a macro 
perspective. Then, they will analyze its feasibility from a 
micro perspective to determine whether to implement the 
collaboration strategic layout of IUR [38]. When the 
collaborative will is formed, each subject in the IUR will 
start to transfer knowledge and generate knowledge 
stickiness. Owing to the evident knowledge gap between 
IUR and the immaturity of operation mechanism of 
knowledge transfer, completing knowledge transfer in the 
early stage of cooperation is difficult. 
(2) Implementation phase 
Each subject of IUR enters the phase of knowledge 
resource flow and focuses after forming the collaborative 
will. At this time, the flow of IUR begins to transform from 
a single level of internal flow into a multi-level interactive 
flow (as shown in Fig. 2). Owing to the established 
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cooperation among the subjects of IUR in a virtual 
organization [39] during the specific implementation stage, 
differences in objectives and concepts will be inevitable. In 
addition, the research fields between IUR are different, and 
their knowledge levels are different from one other. Thus, 
intangible knowledge that is difficult to express and code 
will be difficult to be transferred. The main goal of 
collaboration between industry–university–research at this 
phase is to reduce the stickiness of knowledge by exploring 




Figure 2 Knowledge Flow Process in Collaborative Innovation of IUR 
 
(3) Adjustment phase 
The knowledge receiver (enterprise) needs to adjust 
the received knowledge to meet the needs of specific 
environment and people when the knowledge begins to 
enter the state of steady sharing and interaction. A weak 
willingness of the knowledge receiver to absorb and a low 
ability to maintain received knowledge will greatly reduce 
transfer efficiency. If the knowledge receiver simply 
mechanically copies the original knowledge and lacks the 
ability to adjust and create new knowledge, the transferred 
knowledge will not adapt to the new organizational 
environment, and the utilization rate of knowledge 
transformation will be reduced, which is not conducive to 
knowledge creation. The purpose of the adjustment phase 
is to accelerate the knowledge appreciation in the process 
of knowledge transfer, knowledge application, and 
knowledge innovation. 
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(4) Integration phase 
In addition to the knowledge transfer process of 
knowledge carrier, the collaboration of IUR is also a 
process of forming new knowledge through knowledge 
fusion [41]. The process of knowledge creation is the 
premise of the collaborative innovation and steady 
operation of IUR. However, as the newly created 
knowledge has just formed at the beginning of integration, 
new knowledge stickiness may arise [42]. Therefore, 
integration aims to effectively resist the impact caused by 
the changes of knowledge subject, object, and policy 
environment by establishing a long-term collaborative 
innovation mode and operation mechanism, combining 






To ensure that the relationship between factors in 
collaborative innovation of IUR and knowledge stickiness 
can be further reflected, this study puts forward the analysis 
framework of knowledge stickiness in collaborative 
innovation of IUR. This study also analyzes the basic 
hypothesis that the factors influencing knowledge 
stickiness between IUR are mainly activity stickiness, 
cognitive stickiness, and situational stickiness, namely, E = 
f(C, W, Q). Where E represents total knowledge stickiness, 
C represents cognitive layer knowledge stickiness, W 
represents activity layer knowledge stickiness, and Q 
represents situation stickiness. 
(1) Cognitive layer knowledge stickiness  
Cognition stickiness layer includes the cognitive factor 
(S) and the knowledge characteristic factor (K), that is, C = 
f(S, K). 
Cognitive factors. The form of inner product can be 
used to express the cognitive differences caused by 
different knowledge backgrounds. Hence, the following 
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where si represents the knowledge vector of university-
research party, sj represents the knowledge vector of 
industry party, and θij is defined as the difference degree of 
knowledge cognition, especially when θij = π / 2,  no 
knowledge exchange occurs between IUR. 
Knowledge is characterized by complexity, 
recessiveness, and exclusiveness (represented by W1, W2, 
W3, respectively, Wi ∈  [0, 1]; i = 1, 2, 3). The closer the 
value of Wi is to 0, the less complex the knowledge is. The 
closer the value of Wi, the more complex it is. According 
to the characteristics of knowledge, the influence function 













         (2) 
 
(2) Activity stickiness layer 
Activity stickiness layer includes three levels: 
university-research party (knowledge sender), industry 
party (knowledge receiver), and the relationship between 
IUR. To ensure that the relationship of activity stickiness 
layer can be fully revealed, this study assumes a mutual 
symbiotic relationship between knowledge subjects, the 
knowledge transfer between IUR is carried out under 
mutual symbiosis, and knowledge stickiness is affected by 
itself and the other party. 
Universities and scientific research institutes provide 
new knowledge (variable is set as U(t)), enterprises accept 
new knowledge to complete the transformation of 
scientific and technological achievements (variable is set 
as F(t)), and the main quality parameter is the output of 
each knowledge subject of IUR. Based on the fact that all 
essential productive factors are constant, a superior limit 
boundary exists between the university-research party and 
the industry party. The saturation quantity is U  , F  . To 
assume that the natural growth rate of output between IUR 
is r1, r2, the logistic growth equation among knowledge 
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Among them: 
1 ( ) /U t U−  represents the stickiness factor of the 
university-research party. 
1 ( ) /F t F−  represents the stickiness factor of the 
industry party. 
In view of the mutual symbiotic relationship between 
the subjects of IUR, the university-research party will 
create knowledge according to the requirements of the 
industry party to promote the transformation of the 
scientific and technological achievements of the industry 
party. Moreover, the industry party will also have 
corresponding incentive effect on the knowledge creation 
of the university-research party. That is, the university–
research party will gain economic reward and non-
monetary welfare (such as enhanced reputation) when the 
industry party realizes the commercialization of 
achievements. The logistic symbiosis model under the 
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Among them, α represents the symbiotic contribution 
rate of the industry party to the university-research party, 
which refers to the impact of the transformation of the 
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scientific and technological achievements of the industry 
party on the knowledge creation of the university-research 
party. β represents the symbiotic contribution rate of the 
university-research party to the industry party, which refers 
to the contribution of the university-research party to the 
transformation of the scientific and technological 
achievements of the industry party in the process of 
knowledge sharing. 
The conclusion that the activity stickiness layer is 
mainly affected by the stickiness factors of the university-
research party and the industry party under the symbiotic 
environment can be drawn through the logistic symbiotic 
model. 
(3) Situational stickiness layer 
Situational stickiness layer includes the influence of 
incentive mechanism a(t), institutional guarantee b(t), and 
cooperation atmosphere Rd(t) on knowledge stickiness. In 
this study, the linear influence function of situational 
stickiness expresses the influence of incentive mechanism, 
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In essence, the process of knowledge transfer is the 
process of knowledge flow caused by knowledge potential 
difference. That is, high potential knowledge will gradually 
transfer to low potential knowledge with the change of time, 
which is similar to the process of temperature changing 
with time in heat conduction. In Fourier's Law, heat flow Q 
is directly proportional to the temperature gradient dT/dz 
and the cross-sectional area A (that is, Q = −k.dT/dz.A, k is 
the coefficient of heat conduction), and the generation of 
heat conduction of (between) objects requires the 
following conditions: 
(1) Temperature gradient exists between objects. This 
condition is basic for heat conduction and determines the 
direction of heat conduction. Owing to the potential 
difference in the process of knowledge transfer, the high 
potential knowledge of the university–research party will 
gradually transfer to the industry party; thus, knowledge 
gradient and clear transfer direction will be generated, 
which conforms to the condition of heat conduction. 
(2) The coefficient of heat conductivity. In heat 
conduction, the coefficient of heat conductivity is the main 
factor affecting the speed and intensity of heat transfer. 
Knowledge stickiness will be caused by the blocking effect 
in the process of knowledge transfer. The degree of 
knowledge stickiness will also affect the speed and 
intensity of knowledge transfer, which conforms to the 
condition of heat conduction. 
(3) Cross-sectional area. The cross-sectional area of 
heat conduction is the heat transfer area, which is an 
important factor affecting the conduction effect. 
Communication channels also have an impact on 
knowledge transfer. In general, the smoother the channel of 
knowledge communication is, the faster the knowledge 
transmission. Additionally, the final effect of knowledge 
transmission is related to the knowledge distance between 
the two mechanisms, which conforms to the condition of 
heat conduction. 
This study ensures that the influence of knowledge 
stickiness in the collaborative innovation of IUR on 
knowledge transfer can be dynamically reflected. Hence, 
the knowledge flow process is dynamically evolved based 
on heat conduction theory, and the knowledge quantity and 
heat are compared to achieve the distribution of knowledge 
field in a stable state. That is, the following deterministic 
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u(x, y)| is the temperature of knowledge. It is assumed 
that the initial temperature of the industry party is −3, and 
that of the university-research party is 0. The area of the 
industry party is 0.8 > y > 0.2, 0.8 > x > 0.2. In the a2 = k/cρ, 
k is the coefficient of heat conductivity of the object. k is 
compared to the coefficient of knowledge conduction, c is 
the rate of knowledge heating, and ρ is the density of 
knowledge. 
Among them, E = 1/k, that is, the reciprocal of 
knowledge stickiness is assumed to be the coefficient of 
knowledge conduction. 
The method of separating variables is used to solve the 
special solution which satisfies the boundary conditions 
and is in the form of separated variables. Suppose u(x, y) = 
X(x)Y(y), and substitute it into the problem of definite 
solution to yield:  
 
'' ''
'' '' ( ) ( )( ) ( ) ( ) ( ) 0  or 
( ) ( )
X x Y yX x Y y X x Y y
X x Y y
+ = = −     (7) 
 
 
                                             (a)                                                                                         (b)                                                                             (c) 
Figure 4 Dynamic Evolution Process of Knowledge Quantity of University-Research Party and Industry Party 
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4 RESULT ANALYSIS AND DISCUSSION 
 
MATLAB software was used to carry out the 
simulation experiment on the knowledge transfer 
(propagation) model of heat conduction. The initial 
knowledge temperature of the university-research party is 
set as 0 (four sides area), and the initial temperature of the 
industry party is set as ˗3 (middle area), which is used to 
represent the knowledge potential difference between the 
subjects of IUR. In this study, the knowledge temperature 
of the university–research party is set as a constant value 
because the knowledge of the university-research party 
will not decrease in the process of transfer (unlike the 
gradual decrease of temperature in heat conduction). 
In the process of simulation evolution (see Figs. 4a, 4b 
and 4c), the amount of knowledge of the industry party 
increases with the change of time and finally approaches 
the amount of knowledge of the university-research party. 
This finding shows that not only the knowledge difference 
between IUR will become increasingly small; the 
knowledge stickiness will also become smaller through 
continuous cooperation, communication, and exploration. 
It meets the development law of the cooperation between 
IUR in real life; the process of knowledge transfer is the 
process of knowledge appreciation and knowledge creation. 
 
4.1 Knowledge Stickiness and Knowledge Quantity 
 
In this study, the influence of different stickiness on 
knowledge transfer is analyzed. Through the simulation 
experiment, this study finds that the knowledge stickiness 
of cognitive layer (Fig. 5a) and situational layer (Fig. 5b) 
has a direct impact on the efficiency of knowledge transfer. 
The greater the knowledge stickiness, the slower the 
knowledge transfer and the less knowledge stickiness, the 
faster knowledge transfer. Therefore, identifying the 
factors that affect the knowledge stickiness of IUR and 
taking practical control measures will greatly improve the 
performance of knowledge transfer and achieve 
cooperative innovation. 
The simulation trends of knowledge stickiness in 
cognitive layer and situational layer are compared in the 
study. Knowledge stickiness in cognitive layer has a steep 
effect on knowledge transmission, showing that knowledge 
stickiness at the cognitive level has an evident impact on 
knowledge transfer and is the primary consideration of 
management and control. In addition, knowledge 
stickiness is more sensitive to the situation level after 
comparing with different knowledge stickiness coefficients, 
showing that the knowledge stickiness effect can be 
changed rapidly by optimizing the situation level 
environment.
   
 
                                                                          (a)                                                                                                                                   (b) 
Figure 5 Evolution Process of Knowledge Stickiness and Knowledge Quantity 
 
4.2 Knowledge Stickiness and Collaborative Innovation 
 
Fig. 6a shows that the total knowledge stickiness 
(situational stickiness layer) decreases with time. The 
figure shows a trend of changing from rapid to gentle and 
finally to zero, indicating that creating a good collaborative 
situation in the early stage of knowledge transfer is an 
effective measure to reduce knowledge stickiness. 
Moreover, this study focuses on the simulation experiment 
of the relationship between cooperation atmosphere and 
knowledge stickiness to reflect the internal relationship of 
context layer, finds the inverse relationship between 
knowledge stickiness and cooperation atmosphere, and 
finds an important turning point of 0.2. Knowledge 
stickiness changes rapidly when the cooperation 
atmosphere is less than 0.2, and gradually slows down 
when the cooperation atmosphere is greater than 0.2. These 
changes show that knowledge stickiness effect is smaller in 
a collaborative innovation cooperation environment. To 
reduce the knowledge stickiness effect, the cooperation 
atmosphere should at least reach a basic standard so that 
the influence of cooperation atmosphere on knowledge 
stickiness can be reduced. 
 
 
                                                                        (a)                                                                                                                             (b) 
Figure 6 Evolution Process of Knowledge Stickiness and Collaborative Situation 
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5 CONCLUSIONS 
 
This study aims to explore the cause and mechanism 
of knowledge stickiness in the collaborative innovation of 
IUR from the perspective of knowledge stickiness in 
knowledge transfer of IUR. This study also aims to find 
management and control suggestions to reduce knowledge 
stickiness. Through systematic analysis and dynamic 
simulation of the evolution process and law of knowledge 
transfer stickiness, the following conclusions can be made: 
(1) Factors such as the university-research party, the 
industry party, cognitive structure differences, knowledge 
characteristics, relationship between industry-university-
research, and situation have impacts on knowledge 
stickiness among subjects. The process of knowledge 
transfer is the process of initiating, implementing, 
adjusting, and integrating knowledge. 
(2) The process of knowledge transfer between IUR is 
the process of knowledge increment and knowledge 
creation, and the process of knowledge quantity evolution 
between IUR is the process of continuous approximation 
between the industry party and the university-research 
party. The knowledge of the university-research party is 
learned and used by the industry party constantly to deepen 
its thinking and improve its ability, and the university-
research party accumulates practical experience through 
the feedback of the enterprise. 
(3) Knowledge stickiness has a direct impact on the 
efficiency of knowledge transfer. The effect of cognitive 
stickiness is more evident than that of situational stickiness. 
Compared with the cognitive stickiness layer, stickiness 
coefficient of different situations has significantly different 
effects on the knowledge quantity.  
(4) The degree of knowledge stickiness is inversely 
proportional to the cooperation atmosphere and the 
situation, showing that the stickiness effect of knowledge 
can be effectively weakened by creating a good 
collaborative innovation environment. 
The following enlightenment on recognizing 
knowledge management in collaborative environment and 
weakening the knowledge stickiness effect in practice can 
be provided by the following conclusions: 
(1) The system and situation of collaborative 
innovation of IUR should be created. The science and 
technology policy of IUR should be improved, the driving 
force of the government should be fully exerted, the reform 
of IUR system and the innovation of science and 
technology system should be deepened, and the innovation 
subject position of enterprises in the cooperation system of 
IUR should be strengthened to truly form the risk sharing 
mechanism of "benefit sharing, risk sharing, and 
collaborative development". 
(2) The knowledge sharing mechanism of 
collaborative innovation of IUR should be established. 
First, the knowledge information exchange platform 
should be established by using modern network 
information technology. Second, the conflicts among the 
subjects of IUR should be minimized by expanding 
communication channels. Finally, learning organizations 
should be established to understand their knowledge 
background and improve their willingness and ability of 
knowledge transfer. 
Our study suggests several promising opportunities in 
future study. First, the influencing factors are mainly 
discussed from the subjective and objective perspective of 
knowledge stickiness between IUR, whereas the role of 
innovation network nodes in the process is ignored and the 
dimensions of influencing factors are not comprehensive 
enough. In addition, the knowledge transmission model 
based on heat conduction theory lacks practical verification, 
which needs to be supported by specific cases in reality. 
Finally, expanding the study on knowledge stickiness 
between IUR is necessary to provide reference for 
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